Patients infected with Entamoeba histolytica generate specific IgG that does not prevent invasive amebiasis or recurrent infection. Studies investigated whether the effectiveness of the human humoral response was limited by cleavage of IgG by the extracellular neutral cysteine proteinase of E. histolytica trophozoites, one of the first amebic products to interact directly with components of host defenses. Purified proteinase cleaved polyclonal human and monoclonal murine IgG in a dosedependent manner. Peptide sequencing of the major cleavage fragment(s), which contained the protein A binding site, suggested that cleavage occurred near the hinge region. Intact trophozoites also cleave IgG in both growth media and serum-free media. Cleaved monoclonal antibody to a 29-kDa surface antigen of E. histolytica bound to trophozoites 83.5% { 6.7% less than did uncleaved antibody. These results suggest that cleavage of IgG by the extracellular cysteine proteinase may limit the effectiveness of the host humoral response.
Invasive amebiasis continues to be a major public health Materials and Methods problem in developing countries, affecting ú50 million people invasion, and Entamoeba dispar, which is not [1] .
and monoclonal anti-bovine serum albumin (Sigma) were susOne virulence factor that may enable E. histolytica to invade pended at 1 mg/mL in PBS. Monoclonal antibody FP31 (IgG2a) is an extracellular neutral cysteine proteinase that degrades was generated against a glutathione-S-transferase fusion protein of extracellular matrix and complement components [2, 3] . Cysthe 29-kDa thiol-rich surface antigen of E. histolytica as described [6] . Immunoglobulins were radiolabeled with 125 I to a specific teine proteinases in amebic lysates degrade IgA [4] and thus activity of 10 6 cpm/mg of protein by the iodogen method [3] .
might also affect the efficacy of the humoral response by cleavProteinase purification. Proteinase was purified from amebic age of IgG. trophozoites or secretions as described [2] , and purity was conSpecific IgG responses develop in ú95% of patients with firmed on 10% SDS-polyacrylamide gels copolymerized with 0.1% invasive amebiasis or even asymptomatic colonization with E.
gelatin [2] and silver-stained gels. The proteinase activity was histolytica [5] . Despite this response, invasive amebiasis foldetermined by cleavage of the synthetic peptide, Boc-argininelows intestinal colonization, and recurrent amebic liver abscess, arginine-4-amino-7-methylcoumarin (Z-Arg-Arg-AMC; Enzyme although rare, does occur. To determine if the systemic host System Products, Dublin, CA), as described previously [2, 3] . The immune response might be limited by proteolytic degradation activity of the proteinase was measured before each experiment.
of IgG, we investigated the interactions of polyclonal and 
Results
Dose-dependent cleavage of IgG. After incubation of polyclonal or monoclonal antibody with 10 -50 U of proteinase/mg of protein, a major cleavage product of 30 -35 kDa was detected ( figure 1A) . Cleavage was completely inhibited by preincubation with the specific cysteine proteinase inhibitor P35017 (data not shown). Similar results were obtained with polyclonal human IgG (figure 1B) and IgG1 and IgG2 subclasses of murine monoclonal antibodies (data not shown). suggesting that cleavage of the heavy chain occurred at more than one site. The major fragment contained the sequence XPro-Pro-X-Pro-Ala-Pro, which is located in the hinge region. Concise Communications JID 1998;177 (February) or uncleaved radioactive monoclonal antibodies to the 29-kDa monoclonal antibody to the 29-kDa thiol-rich surface antigen [6] . Trophozoites incubated with IgG in the serum-free media, antigen. Binding by radiolabeled monoclonal antibody to bovine serum albumin was compared as a control. By 30 min, MEM-CH [3] , completely degraded the heavy chain in both supernatant and pellet fractions. The intensity of the light chain the cleaved antibody bound 83.5% { 6.7% less to trophozoites than did uncleaved antibody (P õ .0001). At 30 min, only band was slightly decreased in the pellet fraction, most likely the result of internalization and subsequent degradation of 2.5% of added anti -bovine serum albumin was bound to the amebic pellet, likely representing nonspecific trapping.
bound immunoglobulin fragments by whole amebae [9] . Proteinase cleavage also prevented binding of a monoclonal antibody to an amebic surface antigen. The monoclonal antiDiscussion body (FP31) against the 29-kDa surface antigen was precleaved with 50 U of proteinase/mg of protein, resulting in Invasion or even colonization by E. histolytica trophozoites stimulates both systemic and local antibody responses, in con-ú60% cleavage of the heavy chain. After 30 min of incubation with live trophozoites, binding of the cleaved antibody was trast to colonization with E. dispar [5] . Clearance of luminal parasites or protection afforded by systemic IgG has been difreduced by 89% compared with intact antibody and was equivalent to the nonspecific binding of a monoclonal antibody to ficult to demonstrate, however, and the level of antibody response correlates with the length of disease, not with the severbovine serum albumin. Although capping and release of polyclonal antibody by E. histolytica trophozoites has been demonity or clinical response to infection [5] . Similarly, protection of hamsters against liver abscesses does not correlate with the strated [9] , this phenomenon would not explain the significant difference in binding of cleaved and uncleaved IgG. serum antibody response, although SCID mice were passively protected against infection by intraperitoneal injection of rabbit A number of potential human pathogens degrade immunoglobulins. The proteolytic digestion of IgA1 by mucosally invapolyclonal immune serum [7] . The effect of passive antibody in the SCID mouse model may reflect both the quantity of sive bacteria has been the best characterized [10] . These extracellular enzymes specifically cleave the heavy-chain hinge antibody and the direct delivery of a bolus of antibody at the site of inoculation of the trophozoites.
region of IgA1, and their presence is closely linked to pathogenicity of a number of bacteria [10] . Cysteine proteinases in The primary purpose of the amebic cysteine proteinase is most likely to break down endocytosed proteins. Significant amebic lysates have also been shown to cleave IgA1 [4] . Both protozoa and helminths have been shown to release quantities of cysteine proteinases are also released extracellularly [2] and thus are likely to be the first amebic products to proteinases that cleave IgG. Trypanosoma cruzi trypomastigotes bind nonimmune IgG through the Fab fragment and interact with components of the host defense. The neutral cysteine proteinase has been shown to play a role in amebic invacleave the Fc fragment by the action of the major cysteine proteinase, cruzipain [11] . Schistosoma mansoni binds immusion through degradation of components of the extracellular matrix, including collagen and elastin [2] , activation of complenoglobulins by the Fc receptor and degrades the Fab portion into small peptides by the action of at least two proteinases ment components by cleavage of C3 [3] , and degradation of the anaphylatoxins, C3a and C5a [3] . Kelsall and Ravdin [4] [12]. Cysteine proteinases also play a role in the degradation of IgG by Fasciola hepatica [13] , Trichomonas vaginalis [14] , concluded that cysteine proteinases were responsible for the degradation of IgA by amebic lysates on the basis of the effect and Tritrichomonas foetus [15] . These data demonstrate that E. histolytica trophozoites are of specific inhibitors. Cysteine proteinases are also a major virulence factor that differentiates E. histolytica from E. dispar.
capable of cleaving bound and fluid-phase IgG. Cleavage of monoclonal antibodies specific to major surface antigens preClinical isolates of E. histolytica release significantly more cysteine proteinase activity and contain unique cysteine provents their binding. Although in vivo studies would be required for definitive proof that cleavage of IgG by the amebic proteinteinase gene(s) [8] . If the cysteine proteinases of E. histolytica degrade IgG, this property may help explain the ineffectiveness ase is a key mechanism of immune evasion, release of extracellular proteinases that cleave IgG is a common property of of humoral defenses against amebiasis.
In the current studies, we showed that the purified amebic invasive parasites and may contribute in part to the failure of antibody alone to protect against amebic invasion. cysteine proteinase cleaved the heavy chain of both human polyclonal and murine monoclonal antibody in a dose-depen- Plasmodium vivax has hepatocytic dormant stages, hypnozoites, that cause relapses. This work compared paired isolates from primary attacks and relapses obtained from 10 individuals in Brazil using the merozoite surface protein 1 gene, PvMSP1, as a genetic marker. Four samples from primary attacks contained genetically mixed parasites harboring the 2 major PvMSP1 allelic forms. PCR revealed the presence of these 2 forms in the relapse parasites of 2 patients, demonstrating that the activation of hypnozoites is not clonal. DNA sequences from paired primary/relapse samples demonstrated that the parasites from the primary attack are identical to those in relapse samples in which the same allele forms were detected in both infections. Studies on the naturally acquired humoral immune responses of these patients against a recombinant protein expressing the C-terminus PvMSP1 demonstrated an increase in the titers, affinity maturation, and predominance of the IgG1 subclass during the relapse.
Molecular Analysis of Plasmodium vivax
Plasmodium vivax is the most widely distributed human ma-P. vivax malaria relapses [2] as clinical attacks that appear after schizonticidal treatment and that are partly responsible for the larial parasite, causing Ç35 million cases annually [1] . In some parts of the world, including Brazil, where it reaches 70% of large socioeconomic burden of this human malaria. Unfortunately, the molecular basis of this phenomenon and its biologic all the yearly malaria cases, this is the most prevalent species.
significance remain elusive, mainly because of the difficulties in obtaining parasites from relapse cases. One study has been published to date on the molecular analy-
